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1. INTRODUCTION {#dad212033-sec-0050}
===============

Down syndrome (DS) is the most common genetic cause of intellectual disability.[^1^](#dad212033-bib-0001){ref-type="ref"} Virtually all individuals with DS show the neuropathological changes associated with Alzheimer\'s disease (AD) by age 40 and most will have developed dementia by age 60.[^2^](#dad212033-bib-0002){ref-type="ref"} This association has become a major focus of interest due to the increasing prevalence of AD that has accompanied extended life expectancy within this population.[^3^](#dad212033-bib-0003){ref-type="ref"}, [^4^](#dad212033-bib-0004){ref-type="ref"} The neuropathological manifestations of AD in adults with DS---including deposition of extracellular amyloid beta (Aβ) in neuritic plaques, neurofibrillary tangles, neuroinflammation, and neurodegeneration---have been attributed to triplication and overexpression of the gene for amyloid precursor protein (*APP*) on chromosome 21, leading to elevated levels of Aβ peptides.[^5^](#dad212033-bib-0005){ref-type="ref"} However, there remains a wide variation in age of onset and clinical progression suggesting that additional biological and environmental factors may be important contributors to disease vulnerability.[^2^](#dad212033-bib-0002){ref-type="ref"}

All studies of AD are dependent upon valid determination of clinical status. For adults with DS, this is complicated by the presence of impairments beginning early in development that vary considerably among individuals.[^6^](#dad212033-bib-0006){ref-type="ref"} The presence of pre‐morbid cognitive impairment, especially together with variation in type and severity, makes diagnostic procedures developed for use with "neurotypical" populations uninformative in the majority of cases.[^7^](#dad212033-bib-0007){ref-type="ref"}, [^8^](#dad212033-bib-0008){ref-type="ref"} Identification of biomarkers related to stage and predictive of onset of mild cognitive impairment (MCI) and dementia would, therefore, be of tremendous value for studies of AD in DS. While cerebrospinal fluid (CSF) and positron emission tomography (PET) scan biomarkers are accurate in detecting AD pathology,[^9^](#dad212033-bib-0009){ref-type="ref"}, [^10^](#dad212033-bib-0010){ref-type="ref"}, [^11^](#dad212033-bib-0011){ref-type="ref"} they are invasive and not cost‐effective. As has been proposed for the neurotypical AD population[^12^](#dad212033-bib-0012){ref-type="ref"} there is a need for a multi‐tiered assessment process predicting AD risk among adults with DS. However, little work has been conducted on the identification of blood‐based biomarkers that are predictive of incident MCI and AD in adults with DS.

Schupf et al. found that among non‐demented individuals, high initial levels of Aβ42 and then declining levels of Aβ42 as well as a decrease in the Aβ42/Aβ40 ratio along with an increase in Aβ40 was associated with increased risk for incident dementia.[^13^](#dad212033-bib-0013){ref-type="ref"}, [^14^](#dad212033-bib-0014){ref-type="ref"} Additionally, being in the highest tertile of Aβ42 was associated with increased risk for mortality.[^13^](#dad212033-bib-0013){ref-type="ref"}, [^14^](#dad212033-bib-0014){ref-type="ref"} Coppus et al.[^15^](#dad212033-bib-0015){ref-type="ref"} found that those adults with DS with the highest concentrations of Aβ40 and Aβ42 were at increased risk for incident dementia. Fortea et al.[^16^](#dad212033-bib-0016){ref-type="ref"} found that high plasma neurofilament light protein (NfL) concentrations distinguished between healthy non‐demented adults, those with prodromal symptoms, and demented individuals. Strydom et al. found that NfL concentrations increased steeply after age 40 and were predictive of prevalent and incident dementia status.[^17^](#dad212033-bib-0017){ref-type="ref"} Other blood‐based biomarkers have been examined by Head et al.[^18^](#dad212033-bib-0018){ref-type="ref"}, [^19^](#dad212033-bib-0019){ref-type="ref"}, [^20^](#dad212033-bib-0020){ref-type="ref"}, [^21^](#dad212033-bib-0021){ref-type="ref"}, [^22^](#dad212033-bib-0022){ref-type="ref"}

RESEARCH IN CONTEXT {#dad212033-sec-0060}
-------------------

Systematic review: Literature was identified and reviewed using PubMed. Several articles described growing efforts to identify blood‐based biomarkers associated with Alzheimer\'s disease (AD) among adults with Down syndrome (DS). Recent work has generated and cross‐validated a blood‐based proteomic profile in detecting AD and mild cognitive impairment (MCI) in the general population. No such work has sought to apply this same proteomic profile in predicting risk for incident MCI and AD among adults with DS.Interpretation: Our findings show that blood‐based proteomic profiles can be highly accurate for predicting risk for MCI and AD. Additionally, inflammatory markers were heavily weighted in the risk scores suggesting the presence of a proinflammatory endophenotype in DS. Together, this work supports the potential utility of proteomic markers to facilitate a precision medicine approach to AD in DS.Future directions: This article provides evidence that our blood‐based methods can be highly accurate in predicting risk for incident MCI and AD among adults with DS. Further studies are needed to cross‐validate these findings and then to prospectively test them as screening tools for novel clinical trials.

Although a majority of the work examining proteomic markers of neurodegeneration among adults with DS has focused on Aβ given the strong biological link, more recent work has expanded to explore the impact of inflammation. Among adults with DS who also have AD, a number of inflammatory proteins including tumor necrosis factor alpha (TNF‐α), interleukin 6 (IL‐6), IL‐10, IL‐8, and interferon gamma (IFN‐y) were found to be elevated compared to healthy controls without DS.[^23^](#dad212033-bib-0023){ref-type="ref"} A meta‐analysis conducted by Zhang et al. found similar elevations across inflammatory proteins (TNF‐α, IL‐1β, INF‐y) among children with DS compared to neurotypical children reflecting that increases may be occurring over the span of the lifetime.[^24^](#dad212033-bib-0024){ref-type="ref"} This corresponds with recent work that found similar elevations across a number of inflammatory proteins including C‐reactive protein (CRP), IL‐10, IL‐18, and TNF‐α among adults with DS with prevalent MCI and dementia.[^25^](#dad212033-bib-0025){ref-type="ref"}

In the neurotypical AD population, considerable strides have been made toward identification and refinement of blood‐based diagnostic screening modalities.[^26^](#dad212033-bib-0026){ref-type="ref"}, [^27^](#dad212033-bib-0027){ref-type="ref"}, [^28^](#dad212033-bib-0028){ref-type="ref"}, [^29^](#dad212033-bib-0029){ref-type="ref"}, [^30^](#dad212033-bib-0030){ref-type="ref"} Our group has generated a proteomic profile for both MCI and AD within the neurotypical AD population[^26^](#dad212033-bib-0026){ref-type="ref"}, [^27^](#dad212033-bib-0027){ref-type="ref"} that has been validated across multiple cohorts,[^26^](#dad212033-bib-0026){ref-type="ref"}, [^27^](#dad212033-bib-0027){ref-type="ref"}, [^31^](#dad212033-bib-0031){ref-type="ref"}, [^32^](#dad212033-bib-0032){ref-type="ref"}, [^33^](#dad212033-bib-0033){ref-type="ref"} assay technologies,[^26^](#dad212033-bib-0026){ref-type="ref"}, [^30^](#dad212033-bib-0030){ref-type="ref"} species,[^30^](#dad212033-bib-0030){ref-type="ref"} and tissue.[^30^](#dad212033-bib-0030){ref-type="ref"} We have found that our approach can also discriminate AD from other neurodegenerative diseases.[^30^](#dad212033-bib-0030){ref-type="ref"}, [^34^](#dad212033-bib-0034){ref-type="ref"}, [^35^](#dad212033-bib-0035){ref-type="ref"} The aim of this study was to extend the application of this proteomic profile in an effort to predict MCI and AD risk among a cohort of adults with DS.

2. METHODS {#dad212033-sec-0070}
==========

2.1. Participants {#dad212033-sec-0080}
-----------------

The initial study sample included 398 members of a community‐based cohort of adults with DS.[^13^](#dad212033-bib-0013){ref-type="ref"}, [^36^](#dad212033-bib-0036){ref-type="ref"}, [^37^](#dad212033-bib-0037){ref-type="ref"} Assessments included evaluations of cognition and functional abilities, behavioral and/or psychiatric conditions, and health status. Blood samples were drawn at each visit. Assessments were repeated at 14‐ to 20‐month intervals. Cognitive function was evaluated with a test battery designed for use with individuals varying widely in their initial levels of intellectual functioning.[^38^](#dad212033-bib-0038){ref-type="ref"} Structured interviews were conducted with caregivers to collect information on adaptive behavior and medical history. Past and current medical records were reviewed for all participants. Recruitment, informed consent, and study procedures were approved by the Institutional Review Boards of the New York State Institute for Basic Research in Developmental Disabilities, The New York State Psychiatric Institute, Columbia University Medical Center, and The Johns Hopkins University School of Medicine.

2.2. Classification of dementia {#dad212033-sec-0090}
-------------------------------

To determine the occurrence of dementia and dementia subtypes in participants, data from all available sources were reviewed during a consensus conference. Following recommendations of the AAMR‐IASSID Working Group for the Establishment of Criteria for the Diagnosis of Dementia in Individuals with Developmental Disability,[^39^](#dad212033-bib-0039){ref-type="ref"} participants were classified into three groups: (1) dementia, if there was a history of progressive memory loss, disorientation, and functional decline over a period of at least 1 year and if there were no other medical or psychiatric conditions that might result in or mimic dementia present (eg, untreated hypothyroidism, stroke); and (2) MCI‐DS, if they exhibited less substantial cognitive and few functional declines and did not meet criteria for dementia and (3) non‐demented, if they were without cognitive or functional decline.

2.3. Proteomic assays {#dad212033-sec-0100}
---------------------

Plasma samples were assayed via a multi‐plex biomarker assay platform using electrochemiluminescence (ECL) per our previously published methods.[^29^](#dad212033-bib-0029){ref-type="ref"}, [^30^](#dad212033-bib-0030){ref-type="ref"} The ECL platform has been used extensively to assay biomarkers associated with a range of human diseases including AD.[^40^](#dad212033-bib-0040){ref-type="ref"}, [^41^](#dad212033-bib-0041){ref-type="ref"}, [^42^](#dad212033-bib-0042){ref-type="ref"}, [^43^](#dad212033-bib-0043){ref-type="ref"} ECL technology uses labels that emit light when electronically stimulated, which improves the sensitivity of detection of many analytes even at very low concentrations. ECL measures have well established properties of being more sensitive and requiring less volume than conventional enzyme‐linked immunosorbent assays (ELISAs),[^42^](#dad212033-bib-0042){ref-type="ref"} the gold standard for most assays. We recently reported the analytic performance of each of these markers for n \> 1300 samples across multiple cohorts and diagnoses (normal cognition, MCI, AD).[^29^](#dad212033-bib-0029){ref-type="ref"} The assays are reliable and our experience with these assays shows excellent spiked recovery, dilution linearity, coefficients of variation, as well as detection limits. Inter‐assay and intra‐assay variability has been excellent. Internal quality control (QC) protocols are implemented in addition to manufacturing protocols including assaying consistent controls across batches and assay of pooled standards across lots. A total of 500μl of plasma was used to assay the following markers (including coefficient of variation \[CV\] and lowest level of detection \[LLOD\]): fatty acid binding protein (CV = 4.2, LLOD = 206.8pg/mL), beta 2 microglobulin (CV = 5.5, LLOD = 96.3 pg/mL), pancreatic polypeptide (CV = 5.5, LLOD = 3436.8pg/mL), CRP (CV = 2.5; LLOD = 19.7pg/mL), ICAM‐1 (CV = 3.9; LLOD = 5.7pg/mL), thrombopoeitin (CV = 3.2; LLOD = 45.3pg/mL), α2 macroglobulin (CV = 1.7; LLOD = 4284pg/mL), exotaxin 3 (CV = 6.5; LLOD = 1.4pg/mL), tumor necrosis factor α (CV = 2.9; LLOD = 0.04pg/mL), tenascin C (CV = 3.5; LLOD = 20.8pg/mL), interleukin (IL)‐5 (CV = 4.3; LLOD = 0.05pg/mL), IL6 (CV = 4.6; LLOD = 0.07pg/mL), IL7 (CV = 5.8; LLOD = 0.1pg/mL), IL10 (CV = 2.7; LLOD = 0.02pg/mL), IL18 (CV = 5.0; LLOD = 1.7pg/mL), I309 (CV = 8.3; LLOD = 2.6pg/mL), factor VII (CV = 2.1; LLOD = 14.7pg/mL), VCAM 1 (CV = 2.5; LLOD = 9.1pg/mL), TARC (CV = 3.2; LLOD = 45.3pg/mL) and SAA (CV = 3.6; LLOD = 21.3pg/mL).

2.4. Apolipoprotein E genotypes {#dad212033-sec-0110}
-------------------------------

Apolipoprotein E (*APOE*) genotyping was carried out by polymerase chain reaction/restriction fragment length polymorphism (PCR/RFLP) analysis using *Hha*I (*Cfo*I) digestion of an *APOE* genomic PCR product spanning the polymorphic (cys/arg) sites at codons 112 and 158, followed by acrylamide gel electrophoresis to document the restriction fragment sizes.[^44^](#dad212033-bib-0044){ref-type="ref"} Participants were classified according to the presence or absence of at least one APOE e4 allele.

2.5. Statistical analysis {#dad212033-sec-0120}
-------------------------

Statistical analyses were conducted using the R (V 3.3.3) statistical software,[^45^](#dad212033-bib-0045){ref-type="ref"} SPSS 25 (IBM), and SAS. Support vector machine (SVM) analyses were conducted using a five‐fold internal cross‐validation to create proteomic profiles specifically for incident MCI‐DS and incident AD. SVM is based on the concept of decision planes that define decision boundaries and is primarily a classifier method that performs classification tasks by constructing hyperplanes in a multidimensional space that separates cases of different class labels. Diagnostic accuracy was calculated via receiver operating characteristic (ROC) curves with the following proteomic panel: FABP, B2M, PPY, CRP, ICAM‐1, thrombopoeitin, A2M, exotaxin 3, TNF‐α, tenascin C, IL5, IL6, IL7, IL10, IL18, I309, factor VII, VCAM 1, TARC, and SAA. Longitudinal analyses were conducted using data up to 10 years of follow‐up from the blood draw to determine if the proteomic profile could (a) predict incident MCI‐DS and (b) predict incident AD. The risk score from SVM was classified as a low/high cut point‐score for analyses examining the relation of the risk score to MCI‐DS and AD incidence. We used Cox proportional hazards modeling to determine the association of the proteomic profile risk score to cumulative incidence of MCI‐DS or AD, adjusting for age at blood draw, sex, ethnicity, level of intellectual disability, and the presence of an APOE e4 allele. All covariates were selected a priori due to their known link with AD disease progression in both the neurotypical population as well as among the DS population. For these analyses, level of intellectual ability was classified as mild/moderate and severe/profound and ethnicity was classified as non‐Hispanic white and other. The time to event variable was time from blood draw to onset in affected individuals or time from blood draw to last visit in those remaining unaffected.

3. RESULTS {#dad212033-sec-0130}
==========

Of the 398 participants, 186 participants were determined to be non‐demented, and without MCI at baseline and throughout follow‐up; n = 103 had incident MCI and n = 81 had incident AD. Participants classified as having prevalent MCI (n = 54) or AD (n = 42) at baseline were excluded from these analyses focused on risk for incident MCI or AD. There were n = 193 females and n = 96 males included in the analysis of risk for MCI. There were n = 190 females and n = 77 males included in the analysis of risk for AD. Mean age at blood draw for all participants was 48.4 (SD = 6.6) for all participants. Four participants did not have *APOE* genotypes. Table [1](#dad212033-tbl-0001){ref-type="table"} presents the demographic characteristics of the participants by cognitive status. Those who developed MCI were older at baseline (*P*‐value \<.001), less likely to be female (*P*‐value \<.001), and more likely to have severe/profound intellectual disability (*P*‐value = .008) than those who remained unaffected over the follow‐up period. Those who developed AD were also older at baseline (*P*‐value \<.001), less likely to be female (*P*‐value = .005) than those who remained unaffected, but did not differ by level of function (Table [1](#dad212033-tbl-0001){ref-type="table"}).

###### 

Demographic characteristics

  Characteristic         Non‐demented   Incident MCI    Incident AD
  ---------------------- -------------- --------------- ---------------
  N                      186            103             81
  Age                    48.6 ± 6.7     52.9 ± 6.0^b^   54.1 ± 5.6^b^
  Sex                                                   
  Male                   44 (23.7)      52 (50.5)       33(40.7)
  Female                 142 (76.3)     51 (49.5)^b^    48 (59.3)^a^
  Level of function                                     
  Mild/moderate          127 (68.3)     54 (52.4)       46 (56.8)
  Severe/profound        59 (31.7)      49 (47.6)^a^    35 (43.2)
  Ethnicity                                             
  White                  171 (91.9)     91 (88.3)       75 (92.6)
  Non‐white              15 (8.1)       12 (11.7)       6 (7.4)
  APOE e4 allele         32 (17.6)      25 (24.3)       21 (25.9)^c^
  Risk score cut point   30 (16.1)      84(81.6)^b^     66 (81.5)^b^

*Note*: Significance *P*‐value \<0.05^a^, \<0.001^b^.

Missing data on n = 4 with incident AD^c^.

Abbreviations: AD, Alzheimer\'s disease; MCI, mild cognitive impairment
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SVM was used to determine if proteomic profiles at the first blood draw would be accurate in predicting incident MCI and AD among those adults with DS who were cognitively normal at blood draw. The proteomic profile was highly accurate in predicting incident MCI among adults with DS with the optimized SVM‐based risk‐score of --0.895 resulting in an area under the curve (AUC) = 0.92, sensitivity (SN) = 0.82, and specificity (SP) = 0.84. Positive predictive value (PPV) based on the optimized model was 73.68% while the negative predictive value (NPV) was 89.14%. Figure [1](#dad212033-fig-0001){ref-type="fig"} shows the variable importance plots and ROC curve for incident MCI. The top 10 proteins associated with increased risk of MCI were IL6, CRP, sICAM1, I309, PPY, SAA, TPO, IL10, TARC, and IL5. Our proteomic profile was also highly accurate in predicting incident AD with the optimized SVM‐based risk‐score of --0.978 resulting in an AUC = 0.88, SN = 0.81, and SP = 0.89. PPV was 75.86% and NPV was 91.66%. Figure [2](#dad212033-fig-0002){ref-type="fig"} shows the variable importance plots and ROC curve for incident AD. The top 10 proteins associated with increased risk of AD included IL10, FABP3, IL6, CRP, TPO, IL5, SAA, Eotaxin3, TARC, and IL7.

![Variable importance plot and receiver operating characteristic curve for incident mild cognitive impairment](DAD2-12-e12033-g001){#dad212033-fig-0001}

![Variable importance plot and receiver operating characteristic curve for incident Alzheimer\'s disease](DAD2-12-e12033-g002){#dad212033-fig-0002}

Next, the SVM‐based proteomic risk scores were dichotomized into high/low cut point scores (--0.895 for incident MCI and --0.978 for incident AD) and entered into Cox proportional hazard models for predicting incident MCI and AD. Of note, the cut point was derived from the risk score obtained through the SVM models. All models were adjusted for age at blood draw, sex, level of intellectual disability, ethnicity, and presence of the APOE e4 allele. For predicting onset of MCI, the SVM‐based proteomic high/low cut point score yielded a hazard ratio (HR) = 6.46 (95% confidence interval \[CI\] = 3.9--10.7), adjusted for covariates (Figure [3](#dad212033-fig-0003){ref-type="fig"}). For predicting onset of AD, the SVM‐based proteomic high/low cut point score yielded a HR = 8.4 (95% CI = 4.7--15.1) adjusted for covariates (*P*\<.001; Figure [4](#dad212033-fig-0004){ref-type="fig"}).

![Cox proportional hazard model for predicting incident mild cognitive impairment](DAD2-12-e12033-g003){#dad212033-fig-0003}

![Cox proportional hazard model for predicting incident Alzheimer\'s disease](DAD2-12-e12033-g004){#dad212033-fig-0004}

4. DISCUSSION {#dad212033-sec-0140}
=============

The availability of a blood‐based screening tool for predicting risk of MCI or AD among adults with DS would be a major advancement for the development of novel prevention trials. To date, however, little work has been conducted on blood‐based biomarkers for predicting risk for MCI and AD among adults with DS. The current study investigated whether our previously validated proteomic profile for detecting MCI and AD in the neurotypical population would also predict incident MCI and AD among adults with DS. The current results strongly support the possibility that proteomic profiles have the utility to predict onset of MCI (AUC = 0.92) and AD (AUC = 0.88) among adults with DS.

It is noteworthy that the proteomic profiles were heavily weighted toward inflammatory markers for both incident MCI and AD, which is consistent with our prior work in the neurotypical AD population.[^26^](#dad212033-bib-0026){ref-type="ref"}, [^29^](#dad212033-bib-0029){ref-type="ref"}, [^30^](#dad212033-bib-0030){ref-type="ref"} The top 10 proteins associated with increased risk of MCI included IL6, CRP, sICAM1, I309, PPY, SAA, TPO, IL10, TARC, and IL5 and the top markers associated with incident AD included IL10, FABP3, IL6, CRP, TPO, IL5, SAA, Eotaxin3, TARC, and IL7. Therefore, inflammation plays a key role in our proteomic approach to predicting incident MCI and AD in DS. In the neurotypical AD population, we have identified a pro‐inflammatory endophenotype that identifies a specific subset of AD patients who benefitted from a "failed" nonsteroidal anti‐inflammatory drug (NSAID) trial.[^28^](#dad212033-bib-0028){ref-type="ref"} It appears that this pro‐inflammatory endophenotype is also present within DS adults with MCI and AD, which is consistent with the increased role of inflammation among individuals with DS.[^46^](#dad212033-bib-0046){ref-type="ref"}, [^47^](#dad212033-bib-0047){ref-type="ref"} Prior work has shown that neuroinflammation is upregulated in fetal development in DS, which may accelerate the development of AD pathology.[^46^](#dad212033-bib-0046){ref-type="ref"} A meta‐analysis[^24^](#dad212033-bib-0024){ref-type="ref"} that analyzed data across 19 studies (n = 957 individuals with DS and 541 controls without DS) found alterations in multiple inflammatory markers in adults with DS. The presence of the pro‐inflammatory endophenotype among adults with DS opens the possibility of precision medicine based therapies. Specifically, the pro‐inflammatory endophenotype may identify a specific subset of adults with DS where anti‐inflammatory interventions, as a part of multi‐modal therapy (ie, anti‐inflammatory + anti‐amyloid), may be of particular use. This precision medicine approach has resulted in substantial strides in patient outcomes in cancer.[^48^](#dad212033-bib-0048){ref-type="ref"}

The availability of a blood test that can be used to determine which adults with DS should undergo more comprehensive neurodiagnostic procedures can be of tremendous value to patients, caregivers, providers, and the medical system. As is the case with all initial screening tests, the primary goal of the test is to separate low‐risk individuals (for whom no further testing is necessary) from those determined to be high risk (who should undergo additional confirmatory diagnostic testing).[^29^](#dad212033-bib-0029){ref-type="ref"} Therefore, a blood test that can be implemented annually starting at age 40 in adults with DS can inform clinicians as to when a particular individual requires additional follow‐up or more comprehensive screening. Informing patients and their family members that the individual does not appear to be suffering from dementia at this time greatly reduces family and caregiver stress, as well as medical costs. When a positive finding arises on a blood screening test, the patient undergoes higher cost and more invasive testing. We have proposed this same multi‐tiered approach for detecting AD in primary care settings, which can have a substantial impact on cost containment.[^12^](#dad212033-bib-0012){ref-type="ref"} When therapeutic agents become available, the availability of a sensitive and specific blood screening test will provide an opportunity to treat the individual before substantial cognitive loss occurs. This method can also increase access to novel clinical trials for underserved populations (eg, ethnically and racially diverse populations, rural populations) by providing a means for screening potential patients within primary care settings where these patients are receiving the majority of their care.

There are limitations to the current study. First, while a large‐scale retrospective study, this work needs to be cross‐validated in an independent cohort. Second, it is possible that additional proteomic markers not included in these analyses will increase the overall accuracy of the proteomic profiles. Third, the current analyses do not take into account recent work examining novel ultra‐sensitive markers related to AD pathology (amyloid, tau) and NfL that have received a great deal of attention in the recent literature. However, each of these limitations are currently being examined in the Alzheimer\'s Biomarker Consortium---Down Syndrome (ABC‐DS) study. Future plans through the ABC‐DS includes extending the current findings to evaluate if this specific proteomic panel is also able to detect conversion from MCI to AD among adults with DS. It will also allow for a closer examination concerning the impact of APOE e4 on risk for MCI and AD in this specific population. Taken together, the current results strongly support the utility of blood‐based biomarkers in predicting MCI and AD risk among adults with DS.
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